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ABSTRACT: 
 
Kaizen, a Japanese term, defines continual improvement or a scope of improvement that 
exists in each process, has motivated the author for this research. The fourth industrial 
revolution has high demands for lean productivity, reducing waste activities and elimi-
nating defect generation possibilities. PFMEA, a tool known for analysing potential risks 
is not much developed in the past few years in its knowledge handling capabilities. One 
of the significant input required for PFMEA generation is PTDB; perhaps, the PTDB is 
maintained on spreadsheets or Microsoft Excel in general by many organisations and 
has been proven ineffectiveness in research and events globally in the past few years.  
 
However, no development is witnessed in PTDB knowledge handling processes, both in 
academia and industry.  Thus the current thesis aims to answer the basic research ques-
tion of the study – “What are the advantages of using software-based PTBD over tradi-
tional spreadsheet-based PTDB for PFMEA”? 
 
The study empirically evaluated the disruptiveness in spreadsheets and its impact on 
data quality and decision making, linking the possible challenges for PFMEA. In addition, 
the study intends to capture industry voice and opinion on a digital solution for PTDB. 
Semi-structured interviews and online surveys were conducted with industry profes-
sionals globally to answer the research question. Data has been analysed through con-
tent analysis and it was found that, spreadsheets are inefficient in big data handling due 
to its list of risks, such as; calculation and formatting errors, data security and data trans-
fer issues. Whereas, the industry respondents welcomed the idea of a better but eco-
nomical digital solution. 
 
To overcome the challenges, the author has designed a conceptual framework capable 
of big data handling, delivers security and flexibility. The framework has an inbuilt 
PFMEA template that eliminates the possibility of data loss, saves time and deliver qual-
ity PFMEA. The future scope exits with the design and trial run of the framework.  
 
KEYWORDS: Past Trouble Data Base, Process Failure Mode Effective Analysis, Chal-
lenges, Spreadsheets, Root Cause Analysis, Continual Improvement, Risk Assessment, 
Risk Analysis 
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In the year 1980, a revised document from 1949 introduced by the United States of 
America - Department of Defence, a procedure to perform Failure Mode Effects and Crit-
ical Analysis (FMECA) (appendix -1) (Department of Defence, 1980). Since 1965, the U.S. 
National Aeronautics and Space Administration (NASA) used FMECA for its space pro-
grams, such as Apollo, Viking, Voyager, Magellan, and Galileo (Apollo Reliability and Qua-
lity Assurance Office National Aeronautics and Space Administration, 1965; National Ae-
ronautics and Space Administration, 1970). In 1974 NASA first used the term Failure 
Mode Effective Analysis (FMEA) for its program named Skylab (Program, Nasa, & 
Marshall, 1974) Over the period, the industrial revolutions and technological improve-
ments pushed the FMEA to reached its Fourth Edition in 2008, and the last amendment 
was done in 2019 named The AIAG & VDA FMEA Handbook. The FMEA are of three types; 
Design FMEA (DFMEA), Process FMEA (PFMEA) and System FMEA (SFMEA) (Automotive 
Industry Action Group, (AIAG), 2008). The application of FMEA is performed in three pri-
mary cases, mentioned below:  
 
“Case 1:  New design, new technology or new process 
Case 2: Modification of existing design or process 
Case 3: Use of existing design or process in a new environment.” (Automotive In-
dustry Action Group, (AIAG), 2008) 
 
The essence of FMEA is the assessment of potential risk in the product, process or system. 
In other words, the fundamentals of FMEA is to prognosticate the highest probability of 
things that could go wrong. The events causing the unpleasant issues should be identi-
fied in depth; furthermore, design the actions that could prevent the defect occurrence 
or restrict the defective part's outflow towards the following process (Munro, Ramu, & 
Zrymiak, 2014). “A stitch in time saves nine” (Ballinger, Craig, Cross, & Gray, 2011) FMEA 
is a continual improvement tool to archive company-wide quality control or total quality 
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control for new product development. Many other continual and continuous improve-
ment tools are practised within the industry, explained in chapter 2.1. Among the list of 
tools, FMEA is the only risk assessment and problem-solving tool that captures wide-
spread process knowledge; redistributes the knowledge learned to empower New Pro-
cess Development (NPD). FMEA is not only a risk assessment tool but also a method for 
organisational learning. With it, organisations create and achieve ambience towards To-
tal Quality Management (TQM). Effective implementation of FMEA reduces non-con-
formities in the process, resulting in improved production operations and indicators of 
the same will save the cost of poor quality (rejection and rework)  (Doshi & Desai, 2017; 
Lipol & Haq, 2011; Syahputri, Sari, Rizkya, Alona, & Zati, 2019; Tavana, Shaabani, & Valaei, 
2020) 
 
FMEA is a data-based knowledge process that utilises data to make new product devel-
opment decisions. FMEA is not subjected to one industry type; in 1972, NASA published 
FMEA for petroleum exploration projects (Dyer et al., 1972) and in 1973, National Service 
Center for Environmental Publications (NSCEP) from the U.S. highlights the applications 
of FMEA in wastewater treatment plant (U.S. Environmental Protection Agency, 1973). 
Due to FMEA's focused approach towards preventive control of defects, its popularity 
increased; hence in the current fourth industrial revolution, many industry segments use 
FMEA as a risk assessment and a continual improvement tool such as Power Plants, Oil 
Industries, Information Technology, Construction, Sustainable energy (Wind Turbines), 
Hospitals, Food products and many more. (Feili, Akar, Lotfizadeh, Bairampour, & Nasiri, 
2013; Hekmatpanah, Shahin, & Ravichandran, 2011; Silva, de Gusmão, Ana Paula Hen-
riques, Poleto, Silva, & Costa, Ana Paula Cabral Seixas, 2014). 
 
PFMEA is designed to strengthen the competency of the process to reduce non-conform-
ities. Since its existence until the fourth industrial revolution, PFMEA practices have not 
changed much. The data handling (recording, consolidation, analysis and data transfer) 
is performed on a non-digital platform or software like spreadsheets or Microsoft Excel 
in general (Bradley & McDaid, 2009). The generation of a new PFMEA requires some 
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prerequisites such as; DFMEA, Process Flow Diagram (PFD), design/process require-
ments, cross-functional team and Past Trouble Data-Base (PTDB). The PTDB is a consoli-
dated data bank of non-conformities reported in previous design and production pro-
cesses; each non-conformity in PTDB simultaneously contains eight to ten data variable 
points. These points are a detailed description of the defect and analysis part. Thus, 
PTDB is seen as the knowledge (lessons learned) from past similar or cross-functional 
processes to NPD.  
 
Even due to the high demand for the PFMEA tool, there is very little or no digital trans-
formation evident in its operation. No past studies were found to modify the PTDB data 
handling process. However, studies were done on errors in Excel and spreadsheets; refer 
to chapter 2.3 and 2.4. Perhaps, organisations are more vigilant towards their operations 
and focused on achieving lean manufacturing; such a mindset lets organisations bring 
quality in their business strategies. Organisations do realise the “cost saved is profit 
earned.” (NGUYEN, 2017) Small and medium-sized enterprises (SME) such as tier one or 
tier two suppliers are unwilling to put money on high-end software solutions due to fi-
nancial constraints. These companies are small-sized; thus, they deal in small profit mar-
gins. SME suppliers do not have Standard Operating Procedures (SOPs); they work on 
best practices. On the other hand, digital solutions has high implementation and mainte-
nance cost. Most of the available digital solutions are resource-intensive, making it hard 
for SME's to cope with (Booth, Matolcsy, & Wieder, 2000; Laukkanen, Sarpola, & Hal-
likainen, 2007; Venkatraman & Fahd, 2016). The abovementioned data handling process 
and unavailability of an economical and user-friendly digital solution have created an 
opportunity for a new digital framework, particularly for PTDB, an input for PFMEA. 
 
1.2 Research gap, problem, and objectives 
There have been a number of impactful studies on the functionality, performance and 
analytical methods of PFMEA in both technical and economic frames  (Cao & Deng, 2019; 
Keskin & Özkan, 2009; Shahin, 2004; Stamatis, 2003). Recently experimental researches 
were conducted to transform the entire end-to-end process of PFMEA into a digital tool 
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(Sader, Husti, & Daróczi, 2020; Zhang & Li, 2013). Perhaps the outcome did not stand as 
expected due to human-based audits required for a root cause analysis (RCA); this could 
be seen as a future research topic. During the literature review, there were no studies 
found on the prerequisite PTDB of PFMEA. This area has high significance for the gener-
ation of PFMEA and NPD. However, several studies conducted with evident empirical 
data about the errors in spreadsheets, Refer chapter 2.3 and 2.4 (Cook, 2020; Hermans, 
Sedee, Pinzger, & Deursen, 2013; O'Beirne, 2008; Panko, Raymond, 1998; Panko, Ray-
mond R., 2006; Powell, Baker, & Lawson, 2009; US, 2002). 
 
The author has more than ten years of industry experience, specifically in Quality Assur-
ance and Systems as a team member of PFMEA and an internal and external auditor for 
technical compliance. During the professional experience, the auditor has learned about 
the mismatching of data between various documents and processes, such as; PTDB, 
PFMEA, Control Plan, Process evaluation Check-sheet, Work Instructions, and Quality 
Matrix. The general cause of miss-match or lack of data in all these documentation is 
due to incompetent data handling process, done through spreadsheets based PTDB. The 
process requires manual data sorting from a big data bank and without the use of any 
digital technology, it is copy-pasted from one software to another or one datasheet to 
another. The process to generate PFMEA requires past defects (PTDB) to eliminate de-
fects re-existence; thus, the data handling process should be competent enough to trans-
mit error-proof data. There is a scope of improvement and a need for a digital transfor-
mation over traditional spreadsheet-based PTDB. Therefore the study will try to answer 
the fundamental research question: “What are the advantages of using software-based 
PTBD over traditional spreadsheet-based PTDB for PFMEA?” The study is focused on its 
research objectives stated below:  
 
• To evaluate the problems and errors related to traditional spreadsheet-based PTDB 
• To evaluate the advantages of a digital framework over the traditional PTDB 
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1.3 Structure of the thesis 
The research structure was designed in a systematic process for meaningful understand-
ing. Starting with chapter one – introduction, explains the research background, research 
gap, research question followed by objectives. The second chapter includes past relevant 
studies, industry news and events to establish the concrete argument to support re-
search. This chapter also talks about the challenges and impact created due to the poor 
performances of spreadsheets. And why a digital solution is a better possible solution. 
 
Research methods, process, design, and strategy used in the study was discussed in 
chapter three. It has also highlighted the research instrument, the population of the re-
search, the sampling technique, and the demographical details of the respondents.The 
fourth chapter explains the outcome of the primary and secondary study. The chapter 
has analysis technique, analysis outcome, and presented results through content analy-
sis. 
  
The fifth chapter is the conceptual framework – a solution designed for process improve-
ment for the PFMEA knowledge handling process. In this chapter, a detailed functional 
performance is explained, including the characteristics of the framework.The last chap-












2 Theoretical background 
2.1 A brief overview of FMEA, PFMEA and PTDB 
Continual improvement is a dynamic process to improve a product, process, service, or 
system quality. The industrial revolutions brought many continual improvement tools, 
for example, Corrective and Preventive Action (CAPA), Gamba Walks, 5W1H, 3M, 8D, 5S, 
Kanban, Plan Do Check Act (PDCA) and FMEA. FMEA is an effective and significant 
method to prevent or minimise failure modes occurrence in manufacturing organisa-
tions. Furthermore, suggesting the best possible controls to avoid or minimise failure 
effects.  FMEA is a widely used tool for risk analysis in different industries such as Power 
Plants, Oil Industries, Information Technology, Construction, Sustainable energy (Wind 
Turbines), Hospitals, Food products and many more. (Feili et al., 2013; Hekmatpanah et 
al., 2011; Silva et al., 2014). FMEA is the standard name from the Automotive Industry 
Action Group (AIAG); however, it is also known as risk analysis and continual improve-
ment tool. FMEA has three variants, Design FMEA, Process FMEA and System FMEA. Pro-
cess Failure Mode Effective Analysis (PFMEA) is the approach used to design process 
controls. An ideal PFMEA is expected to; design an error-proof process, completed be-
fore the start of production, attention to each process activity and effectively use Past 
Trouble Data-Base (Automotive Industry Action Group, (AIAG), 2008) 
 
A PFMEA is a document of an operational process. Its generation requires understanding 
and availability of some significant prerequisites. The primary input for PFMEA are; Pro-
cess Flow Diagram (PFD), Design Failure Mode Effective Analysis (DFMEA), Drawings and 
Design records, Bill of Process, Interrelationship (characteristic) Matrix, Quality and Re-
liability History and Internal and External (customer) non-conformance (defect history 
data) also known as Past Trouble Data-Base (PTDB). The PTDB is a significant prerequisite 
for a PFMEA, as explained in AIAG - FMEA Fourth Edition (2008) (Automotive Industry 
Action Group, (AIAG), 2008). The current study focuses on one of the most critical pre-
requisite of PFMEA, namely  PTDB. 
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A PTDB is a live document updated each time a new defect or cause reported. PTDB is a 
bank of past defects from a similar process or product. In the industry and the regulatory 
standards, defects are written as non-conformance: a particular process, part of process 
or product, which does not match its requirements. The non-conformance recording is 
done during the design (trail stages) or production stage of manufacturing. The major 
and critical defects need to be analysed to establish a root cause, to take necessary ac-
tions. This stage is known as lessons learned from past defect (Automotive Industry Ac-
tion Group, (AIAG), 2008) 
 
A PTDB is a data-gathering process explained in figure 1 (designed by the author). It is a 
process diagram of an assembly line. The second quality check station detected the non-
conformity—the number of defects and the types of defects recorded at this stage. Fur-
thermore, the defects are categorised into critical, major and non-critical defects as per 
their severity of hazardousness. Critical and major nonconformities must be analysed to 
their depth to find the root cause, as stated in FMEA - Fourth Edition. “The cause should 
be detailed as concisely and completely as possible” (Automotive Industry Action Group, 
(AIAG), 2008). As per ISO 9000 Quality Systems Handbook – Fourth Edition, critical non-
conformities are “a departure from the requirements which renders the product or ser-
vice unfit for use” (Hoyle, 2018). Also, the major nonconformities are “a departure from 
the requirements included in the contract or market specification” (Hoyle, 2018). A pro-








Figure 1 PTDB Generation Process Flow 
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2.2 Significance of RCA & PTDB for PFMEA 
The root cause analysis stands utter importance in creating PTDB and later a significant 
input for PFMEA, providing the base for preventive action. A root cause analysis (RCA) is 
a process of audit that, explains defect occurrence, causing non-conformance in a pro-
cess. The process is then designed with new controls to permanently mitigate the cause 
through effective process improvement. (Munro et al., 2014). The elements of RCA are 
of high importance for the creation of PTDB. The RCA data is consolidated frequently by 
organisations at a defined time; it could be monthly or weekly. Thus, this data is known 
as Past Trouble Data – Base (PTDB).  The information an RCA provides is: Defect descrip-
tion (b), Defect Occurrence – Process name (a1),  Cause of Failure (f), Performance or 
Preventive and Detection Control (h) and Recommended Actions (k). All these elements 
will later become a significant part of PFMEA; please find Appendix 1.  
 
Some of the RCA and problem-solving tools practised within industries are; 8 discipline 
(8D), 5 Whys, Six Sigma—DMAIC (define, measure, analyse, improve, control), Drill Deep 
and Wide (DDW) (Ford Motor Company), Cause-and-Effect Diagram (Fishbone Diagram), 
Is/Is Not Comparative Analysis, Cause-and-Effect (X–Y) Relational Matrix and Root Cause 
Tree (Munro et al., 2014). Thus, the RCA problem-solving tools troubleshoot the prob-
lems and let the professionals suggest effective corrective actions. The next step is to 
register defects and causes of defects into PTDB. This data transfer process is performed 
manually from the daily defect spreadsheets into a single spreadsheet.  
 
PTDB is a data bank of defects captured during past projects in many years. Organisations 
rely on this type of knowledge for internal training and to create PFMEA. However, most 
of them do not have a standard process to capture, restore, and retrieve past project 
learnings (Von Zedtwitz, 2002).  Past project learnings should focus on capturing process 
knowledge rather than regular projects reviews and audits (Duffy & Thomas, 1989; Neale 
& Holmes, 1990). Perhaps a dynamic link of knowledge transfer is now evident within 
RCA, PTDB and PFMEA.  
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2.3 Motivation to innovate Past Trouble Data-Base (PTDB) 
It is essential to realise the Past Trouble Data-Base primary function is to collect and 
transfer knowledge from past defect for future design projects to prevent or control fail-
ure situations. This knowledge transfer is of high importance for organisational learning: 
a piece of essential knowledge for future actions. Organisations take actions based on 
interpretations of knowledge sharing from the past rather than forecasting the future 
(Levitt & March, 1988). In industry practices, spreadsheets are for data handling, analysis 
and storage. However, studies conducted in 2009 by Dartmouth College students, USA, 
show the error percentage of 0.87 to 1.79% in spreadsheets' cells (Powell et al., 2009). 
Similarly, Raymond R. Panko (2005) performs an in-depth study of errors in spreadsheets; 
they found out that spreadsheet data is exposed to multiple imperfections that can 
cause organisations huge loss (Panko, 1998).  
Most of the organisation's domains use spreadsheet programs, ranging from logistics, 
finance, marketing, and production to research and development, making spreadsheet 
data a high-value asset. However, spreadsheets are vulnerable to human errors (inten-
tionally or unintentionally), and these errors can potentially cause huge financial and 
business losses. For example, in the year 2003 TransAlta, lost US$24 Million due to a 
copy-paste error. The company chief executive told the media “a cut-and-paste error that 
we did not detect when we did our final sorting and ranking of bids prior to submission”. 
Whereas in 2002, John Rusnak, a rogue trader, tempered spreadsheet-based data result-
ing Allfirst Bank a total loss of US$691 million  (Cook, 2020). Unsecured and non-error 
proof data-handling questions the integrity of spreadsheets usage. O'Beirne questioned 
the spreadsheet data quality in 2008, stating that the spreadsheets are a data tempering 
tool and used to bypass I.T. development's counter-measures (O'Beirne, 2008).  
 
There is a less but significant amount of studies and actions taken by regulatory author-
ities in many countries. The United States passed a federal law Sarbanes–Oxley Act of 
2002, forcing all U.S. public, management and public accounting companies to monitor 
their spreadsheet use in financial reporting (Panko, 2006; US, 2002). The study shows 
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the data is not secure to store and transmit through spreadsheets; an intentional or un-
intentional act can spoil data quality. It is clear to organisations that spreadsheets' data 
is not safe. However, due to formula dependency, organisations ignored data's hazard-
ousness  (Hermans et al., 2013). 
 
 
2.3.1 Learning organisation to adapt continual improvement 
Learning organisation is a part of the organisation culture. Its beliefs and practices 
change in response to its experience through two primary mechanisms. The first is the 
organisational search. An organisation works on alternative routines and picks the best 
practices when discovered (Radner, 1975). The second mechanism is trial and error—
increased frequency of practices that can deliver results compared to those associated 
with failure (Cyert & March, 1963). 
 
The PTDB is a consolidated data bank from different processes. It contains vital infor-
mation for future projects, which on effective implementation can let the organisations 
achieve continual improvement. Thus, PTDB transfers knowledge to PFMEA to achieve 
Continual improvement (CI). CI  is a philosophy that asks organisations to learn from their 
experiences and implement effective counter-measures in future projects to avoid re-
petitive non-conformance. CI is a foundation for organisational learning and communi-
cates information for effective decision making. For instance, the examinations, analysis, 
results, feedback, experiments, trials, and other sources create an information data-base; 
such data are high packs of substantial knowledge (International Organisation for Stan-
dardization, 2015). This type of learning is evident in cumulative production organisa-
tions' (Dutton & Freedman, 1985). An organisation willing to adapt continuous improve-
ment must make it a part of the organisational strategy, employee involvement, technol-
ogy, and learning culture from all organisation levels. Where undoubtedly, technology 
plays a significant role. 
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2.3.2 An interpretation and data (knowledge) 
The lessons learned will always be drained out of past failures. A process is a mechanism 
of various variables. Thus, it will have variations in performance within and beyond tol-
erances. Capturing a variation and making it a part of organisational learning is relatively 
small in numbers and complex to observe. A process required-output will mostly be dif-
ferent from its actual-output. Nevertheless, professional interpretation of an event can 





Figure 2 Defect Handling System 
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Human-based interpretation of data or knowledge transfer has variations with each in-
dividual. As it has observed, humans are not exemplary in statistics (Tversky & Kahneman, 
1974). An adequate interpretation of functional requirements, specifications, scope, 
quality and time target is a challenge at the organisations structural level—results in de-
creased quality of deliverables (Fielding, 2006). In current practices, many organisations 
are dependent on manual data-transferring from PTDB to PFMEA. The process includes 
many steps at different levels of the organisation, and most organisations do not have a 
standard operating procedure for such kind of knowledge transfer; please refer to Figure 
2 (designed by author). 
 
2.3.3 Recording of data in spreadsheets  
Figure 2 magnifies the defect data-handling process of a manufacturing organisation. 
The organisation has sixteen processes that operate in three shifts and generates four 
defects in each shift. Capable of producing one hundred and ninety-two defects in a day. 
Resulting, a total of five thousand and eighteen defects a month and over sixty thousand 
in a year. However, the data is later added into an overall defect data bank. As an example, 
the number of defects in 10 years would be more than six hundred thousand. Keeping 
in mind, all these steps of data handling are done in spreadsheets by many organisations.  
In this process, only critical and major defects will be considered for RCA, as mentioned 
in Figure 1. Nonetheless, each root cause analysis creates a data pack, consist of varia-
bles explained in chapter 2.2.  
 
The final data stored in the data bank is known as the past trouble data-base (PTDB). 
Above all, to create a PFMEA, data handling is done manually.  Thus, it needs spread-
sheets based PTDB sorting in search of feasible data, which is inefficient and time-con-
suming. The process explained in Figure 2 has countless snags. Searching of data in a 
spreadsheet-based program and transfer it to a different software for PFMEA. This type 
of data handling, data processing raises alarming alerts of inefficiency, vulnerability, data 
legitimacy, data loss, and data tampering. Certain properties affect the interpretation of 
data and knowledge, which leads to systematic biases. Systematic errors were made in 
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the recording of events by historiance, and presumed big problems have big causes (Ein-
horn & Hogarth, 1986; Slovic, Fischhoff, & Lichtenstein, 1977; Starbuck & Milliken, 1988). 
That makes data a high significant asset for the organisation. If the data is not handled 
in a defined and secured form, its interpretation will be made wrongly.  
 
2.3.4 Recording of knowledge 
Organisations generate documents, records, laws, and standard operating procedures as 
interpretations of past projects' lessons; in organisations physical and social structure; in 
standards of best practices; in the culture of the organisation lessons of development; 
and unanimous perceptions of, the right way of doing things around here. Perhaps, 
within the organisation itself, it is not clear the defined process to record, learn, convey 
and retrieve knowledge (Levitt & March, 1988). Acknowledge a potential situation of 
knowledge is the first step; later comes its recording. Furthermore, if the procedure to 
record knowledge is not standardised, it may be lost, tempered, wrongly interpreted, 
misused or shared with competitors in case of classified information. 
 
Knowledge is a high valued input to create a new process, so it does not repeat past 
failure situations. To create a PFMEA, potential and past trouble data is necessary. In 
practice, new projects are often missing with qualitative and quantitative defect data. As 
a result, an ineffective PFMEA later, with poor process controls (Schein, Popescul, Ungar, 
& Pennock, 2002). Most of the organisations are capturing the daily defect data, root 
cause analysis (RCA), past trouble data-base (PTDB) and process failure mode effective 
analysis (PFMEA) in spreadsheets and a study showed 90% of them has Microsoft-Excel 
installed in them (Bradley & McDaid, 2009).  Spreadsheets or Microsoft excel has a his-
tory of errors, as discussed in chapter 2.3. These types of errors can manipulate an or-
ganisational learning culture. However, when it comes to PFMEA, the traditional process 
to design PFMEA has limitations in knowledge capturing, retrieving and reusing (Teoh & 




2.4 Spreadsheets (Excel) causing disruptiveness 
A process with problems in its operation and performance due to multiple causes has 
disruptiveness; the root-cause could be the reason for the process's disruptive nature 
(Merriam-Webster, 2021a). The history of events that happened in the industry reflects 
the incompetency of spreadsheets. This chapter's data has scientific significance for this 
study and is gathered from around the world news. Due to spreadsheets errors, the or-
ganisations faced innumerable losses such as; loss of reputations, penalties/ fines, budg-
eting errors, data leakage, misinterpretation of scientific data, life-threatening hazards 
(Covid-19 patients data lost), considerable financial losses and bankruptcy. 
 
Figure 3 Lazard Ltd, M&A Rankings  (Balogh & Reuters, 2016; Reuters & Zvulun, 2018; Zvulun 
& Reuters, 2017) 
 
2.4.1 Case 1: Calculation error 
Risk: Lost Reputation 
One of the world's most prominent financial institutions, Lazard Ltd, from the year 2016, 
financial advisor for SolarCity Corporation, had a 2.6 billion U.S. dollar sale to Tesla Mo-
tors and due to a computational calculation error in the spreadsheet, the bank had faced 
world's embarrassment. The mistake was caught during a board meeting by Elon Musk, 
the co-founder of SolarCity. Lazard wrongly calculated the equity of SolarCity by double-
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counting some of the company's projected indebtedness. None of the organisation 
spoke anything about the event. However, it became a piece of big global news and the 
aftereffects caused Lazard to drop by two positions in Thomson Reuters Americas M&A 
league – World Ranking (figure 3)  (Baker, L. B., 2016; Balogh & Reuters, 2016; Reuters & 
Zvulun, 2018; Zvulun & Reuters, 2017).  
 
2.4.2 Case 2: Data Leakage 
Risk: Financial and Data loss 
A known error in the spreadsheet is hidden data, causing organisations embarrassment, 
financial losses, and penalty in this case. In the year 2014, Blackpool Teaching Hospitals 
NHS Foundation Trust, in the U.K., has simultaneously published confidential and per-
sonal data of 6,574 workers on an open portal with their annual equality and diversity 
metrics. The data was in the spreadsheets hiddle format and can be accessed with a 
double click on the tab. It consists of details like pay scale, national insurance number, 
disabled status, ethnicity, religious belief, and sexual orientation. Lancashire hospital 
trust was fined 185,000 Euro (BBC, 2016). 
 
2.4.3 Case 3: Misinterpretation of scientific data 
Risk: Decision Making 
On a default setting, Microsoft Excel programs auto-converts gene symbols as dates or 
numbers. Gene symbol is a format used to standardise gene nomenclature commonly 
used in the medical field; for example, NARROW LEAF 1 is NAL1. MatchMiner and 
GoMiner two programs were under simulation in 2003, when the researchers found the 
issue of some gene symbols were modified into dates or numbers by the excel program; 
for example, “DEC1 [Deleted in Esophageal Cancer 1] was being converted to '1-
DEC.'“ (Zeeberg et al., 2004) An empirical study conducted in 2016 on eighteen published 
journals between 2005 to 2015 cross-checked 35,175 Excel files containing  7,467 gene 
list for 3,597 published papers. The error was reported in 987, 16% of gene articles and 




 Figure 4 Error Data in Gene Files  (Ziemann, Eren, & El-Osta, 2016) 
 
 
2.4.4 Case 4: Covid-19 patients data loss 
Risk: Life-Threatening 
In the current situation, Covid-19 is a hot topic; all measures are implemented to prevent 
its spread. However, in some cases, due to incompetent methods, it becomes challeng-
ing. A similar situation happened in England when Public Health England (PHE), respon-
sible for gathering the test data from private parties (hospitals) to create a centralised 
data-base. However, PHE developers choose Microsoft Excels older version XLS file for-
mat that was incapable of extensive data handling—resulting in 65,000 rows of data ra-
ther than a million rows. As per the BBC News report; data from gov.uk, 50,786 tests 
between 25th September to 2nd October were underreported by 15,841 cases due to 
software incapability. This mistake leads thousands of people unaware of their exposure 
to Covid-19, creating a life-threatening situation (Public health england.; Kelion, 2020). 
 
2.5 Learning from others experience 
Many of us belives organisations do not share their data to protect confidentiality. How-
ever, that is not true; organisations, even industries, learn from other industries experi-
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ences. A global and digital environment lets organisations share their industry experi-
ences through technologies sharing, procedures, codes, routines (Argote, Ingram, Levine, 
& Moreland, 2000; Dutton, Thomas, & Butler, 1984). Experience sharing is becoming 
more often to share knowledge and create a learning culture. It has high significance due 
to its advantages in cost-saving, increased quality, decreasing hazardousness and other 
opportunities.  Similarly, the experience from past defects is of high importance for new 
projects. Perhaps, a slow-performing software such as spreadsheets can affect an organ-
isations competitiveness. A knowledge process starting from defect till PFMEA is shown 
in Figure 5 ((designed by author). 
 
Figure 5 Learning from Defects 
 
Learning from experience does not only brings knowledge. The knowledge must be on 
time; a delay in knowledge sharing or delay in retrieving the information will result in a 
lost opportunity. For instance, the information to design PFMEA is not available due to 
the high extraction time; searching and sorting a large amount of data; information in 
computer system got corrupt; data file lost and the list goes on: will not be useful for 
effective process improvement. A PFMEA must be completed before the start of produc-
tion.  A recent example is a Covid-19 situation that spread through Wuhan, China. Many 
news articles support the theory of Corona Virus spread due to lack and late information 
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shared by China and later by the World Health Organisation (WHO), which lead to the 
spread of the virus in other countries (CBA, 2020; Diplomat, ; News, 2020). This lack of 
information or delayed information resulted in the outflow of the Corona Virus. Thus, 
on-time information is of high significance, or it will be of no use.  
 
Learning from others experience is a vital piece of knowledge. Their defect situation 
could be a potential failure situation for a new similar process. The airline industry is a 
perfect example to understand, learning from others experiences. In 1952 a de Havilland 
Comet aircraft broke into pieces. Also, in 1953 and 1954, until the design engineers 
learned about structural fatigue. Thus, a structural failure was avoided due to the same 
cause in new aircrafts. British-owned airlines BOAC experienced the disaster but due to 
knowledge sharing within the industry. Other airliners effectively learned and imple-
mented the design change (Baker, S., 2019).  
 
In a similar situation, Toyota was found guilty in the cause of a fatal car accident in 2009, 
causing four family members’ deaths in the United States. Toyota soon changed the 
floormats design and material which was the cause of the accident (BBC, 2010). Hence, 
every disaster in history has brought experience. An effective RCA of the disaster will 
bring up the cause or causes of defects. Later, adequate controls on the cause can pre-
vent defect occurrence or will control the outflow. This process will bring leanings for 
other projects, organisations and industries.  
 
2.6 Challenges in PFMEA 
PFMEA is a process improvement and risk analysis tool capable of capturing potential 
failure situations and possible solutions to its control. PFMEA has many prerequisites 
explained in chapter 2.1. The study will analyse one of the prerequisites: the Past Trouble 
Data-Base, commonly known as PTDB and its challenges. A PTDB is a bank of big data 
and sorting such data bank for feasible information is challenging. Having the ability to 
understand, sort, analyse and interpret the data for decision making is essential (Labri-
nidis & Jagadish, 2012; Levitt & March, 1988). However, a traditional spreadsheet-based 
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data bank cannot deliver such efficiency (Hermans et al., 2013; O'Beirne, 2008; Panko, 
1998; Panko, 2006; Powell et al., 2009).  
 
A PFMEA could face multiple issues at a time. These issues or challenges could lower the 
deliverables of a PFMEA. Studying AIAG - FMEA 4th Edition and past research papers, 
some of the major challenges a PFMEA establishment can face are; less time, absence of 
a cross-functional team member, insufficient defect data, knowledge and skill set of 
team members, low data quality, clerical mistakes, data tempering and analytical errors 
due to spreadsheets (Breiing & Kunz, 2002; Cook, 2020; Feili et al., 2013; Hekmatpanah 
et al., 2011; O'Beirne, 2008; Panko, 2006; Powell et al., 2009; Silva et al., 2014; US, 2002). 
A traditional way of data handling, analysis and storage through spreadsheets is also a 
major drawback.  
 
2.6.1 Decision-making under time-constrained 
Time is a measuring scale that can influence decision making, and a decision under a 
shorter time limit situation can affect the decision’s quality. However, in the real world 
situation, decisions are finalised under some form of time constrain, starting from de-
ploying brakes in a vehicle to the landing of an aircraft or making a decision to lock down 
a city to restrict the spread of coronavirus. Does the project managers make decisions in 
less time than what is needed?. Does it influence the quality of the decision (Mikulak, 
McDermott, & Beauregard, 2017)? Past studies suggested that the decision-making pro-
cess must be simple and decision-makers should change the decision strategy under a 
time-constrained situation (Krisher, 1994; Smith, Mitchell, & Beach, 1982; Svenson & 
Benson, 1991; Svenson, 1996; Wright, 1974). 
 
PFMEA also needs to design under a defined time limit before the production stage, ex-
plained in AIAG - FMEA 4th edition. This time limit serves the primary function of the 
PFMEA to control the nonconforming situation. Hence, late PFMEA compliance will not 
be able to implement adequate controls during production. It is a challenging situation 
for an organisation to complete a PFMEA before production. The use of a spreadsheet 
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program adds on more delays due to manual data searching and sorting. A digital solu-
tion is needed to speed up things (Wang, Li, Chen, He, & Li, 2014). 
 
2.6.2 Absence of a cross-functional team member 
Organisations witness conflicts in teams where team members have not worked to-
gether before. It could be due to biases or differences in individuals knowledge about 
the work.  Decision making becomes problematic, and knowledge conflicts can arise with 
a substitute team member in case of a missing member from the cross-functional team 
of PFMEA. A multi-disciplinary team is the first step towards a PFMEA design. The leader 
of the PFMEA picks the team based on their experience, knowledge in PFMEA design 
and knowledge about the project. Hence a missing or changed team member can bring 
a variation in the development thought process of PFMEA (Automotive Industry Action 
Group, (AIAG), 2008). 
 
Each department of a manufacturing organisation creates daily defect data. It could be 
from production, quality control, maintenance, marketing, validation, testing or calibra-
tion. The daily defect data is a daily entry of data that involves all nonconformities on 
that day, and It could also be shift specific. Mostly of a member from each of the depart-
ments mentioned above participates in PFMEA design. A missing member could be due 
to resignation from the job resulting in missing daily defect data to PTDB. Hence, a 
change in cross-functional team could cause loss of data or knowledge conflict in PFMEA 
design (Majchrzak, More, & Faraj, 2012).  
 
2.6.3 Insufficient past defect data for decision making 
Recently in the past few years, data become the centre point of many industries and 
accused of influencing decision making. Industries, academia, and governments are try-
ing to understand the repercussions of data and its influence on decision-making. Simi-
larly, insufficient data can lead to wrong interpretation or decision-making (Jin, Wah, 
Cheng, & Wang, 2015). However, the probability of uncertainty always exists in decision 
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making, which is inevitable in PFMEA design while gathering, interpreting big data. In 
industries, the processes are complex and sometimes are not easy to understand; such 
processes require years of high precision experience and knowledge; for example, Airbag 
manufacturing is a highly critical process with the highest hazardousness ratting of ten 
on the severity rating from AIAG - FMEA 4th Edition. Thus, the decision making for such 
a process is not easy; please refer to appendix 2.  
 
Insufficient data for a complicated process creates possibilities of error resulting from it 
can lead to human fatality. However, a lack of values, codes and data could lead to in-
complete information and cause poor process controls. A PTDB has high significance in 
decision-making when designing a new PFMEA for a similar or cross-functional 
knowledge transfer. It reflects past behaviour, patterns, and frequencies; hence, data is 
essential in decision-making after it is analysed. In current practice, many organisations 
are dependent on the spreadsheets data-base, which are not secure to store or transfer 
data; thus, it could lead to data loss explained in chapter 2.3. 
 
2.6.4 Knowledge retrieval and retention 
Learning organisation culture is feasible when the organisation’s employees create, store, 
and transfer knowledge for future projects. Hence, in this process, employees are the 
essential source of information and knowledge creator to competing in a competitive 
environment, making each organisation unique in its industry segment (Templer & Caw-
sey, 1999). It is challenging to employ and retain intellectual capital; a highly-skilled cadre 
is in demand since industrialisation. An educated, skilful individual is an asset to human 
resource and can innovate, develop, improve, amend and restore technology and 
knowledge for an organisation. Employees’ knowledge mostly comes through their in-
volvement in the process; working and following standard operating procedures brings 
out process variations. However, knowledge is nothing but studying these variations and 
keeping adequate controls to achieve the target (Martins & Meyer, 2012).   
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Knowledge is an intangible asset of an organisation; hence, to make it worthy, it needs 
to be transferred into a tangible source of knowledge such as reports, documents, 
presentations, history data and other forms or organisation data documentation. A com-
pany does not want an employee to work in an organisation for years and leave it with-
out making a newcomer learn from it (Nonaka & Takeuchi, 2007). Perhaps, learning must 
be documented for it to be a part of organisational memory; nonetheless, recording his-
tory will not serve its purpose until it can be retrieved on time for future projects (John-
son, M. K. & Hasher, 1987). Even within a consistent practice, knowledge gathering and 
storage for an organisational memory is less likely to be retrieved at a particular time or 
a particular location. Likewise, Linda Argote (1987) study shows the variation of data 
retention in some parts of the organisations. The availability of such data or knowledge 
is associated due to its usage of routine. Thus, a knowledge or data-base that is not used 
frequently can cause data retention problems (Argote, Beckman, & Epple, 1990). An or-
ganisation with an intelligent approach towards organisational learning will focus on 
knowledge gathering; nonetheless, the organisation will also ensure the path of 
knowledge retrieval and retention (Johnson, H. T. & Kaplan, 1987).  
 
Ensuring the knowledge transfer without error and biases is hard to achieve when the 
knowledge is transferred manually or without any digital source. However, it is desired 
“that explicit knowledge is translated back into tacit knowledge that will then go on to 
yield yet another innovative solution.” (Nonaka & Takeuchi, 2007) Hence, consistent 
quality is maintained with less human intervention in the knowledge transfer process. 
Not only the spreadsheets have errors, but they are not designed to consolidate required 
data and transfer it to a different form of software.  
 
2.6.5 Knowledge and low skill set of team member 
An organisation has professional teams for projects, as per individual skillsets and core 
competency: job responsibilities and team are defined (Delaney & Huselid, 1996). These 
teams are the building blocks of the organisation’s performance, and perhaps, each in-
dividual has a specific role to play to contribute to their team accomplishing the project’s 
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set target (Wilson, Goodman, & Cronin, 2007). On the other hand, an individual’s low 
skill can affect his daily work and the team’s performance, thus hampering the project’s 
performance. However, AIAG - FMEA 4th Edition, in chapter “Impact on Organisation and 
Management” asks about individuals’ relevant expertise for being a PFMEA team mem-
ber (Automotive Industry Action Group, (AIAG), 2008). An individual can also cause a 
team’s effectiveness and efficiency by transferring poor knowledge and skill to other 
team members through team meetings, hence causing teams collective learning process 
(Ellis et al., 2003).  
 
FMEA is a team-based job; perhaps an individual brings out significant information to its 
collective approach. An individual does an RCA and thus, its competency in the analysis 
is mandatory; biased information generated from RCA can lead to wrong data collection 
on PTDB. Similarly, individuals represent their functional departments, expressing 
unique knowledge about the department’s process; thus, no one else can validate the 
information transmitted in the PFMEA meeting and hence will be taken into considera-
tion as input for PFMEA design. Though selecting an erudite team member is crucial for 
an effective PFMEA generation.  
 
2.7 Gap Analysis 
Organisations learn from their history made up of failures, and success is a perspective 
of organisational change; perhaps it also exhibits corporate intelligence. However, stud-
ies by case observations and theoretical analysis support the idea that self-assessment 
learning improves organisations’ performance. Since the research focuses on the process 
of learning and knowledge transfer, it supports the argument in chapter 2.2, 2.3 and 2.4; 
furthermore, it creates a foundation for organisational learning culture and opens op-
portunities to improve organisational intelligence (Duncan, 1979; Starbuck & Dutton, 
1974). As it is known, however, organisational learning, learning from experience, creat-
ing ways to capture, store and reuse the knowledge are not enough to achieve a contin-
ual improvement stage until a possibility still exists in which data or knowledge cannot 
be used desirably due to its unavailability at the time of use. Hence, a need for a better 
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digital platform of data handling is required to fill up the gap of unsecured data; none-
theless, it should also transmit the data to the next stage of use, eliminating the possi-
bility of data loss.  
 
Since the above chapters explained the process of data handling from a newborn defect 
to RCA, to PTDB and later an effective use of the knowledge for PFMEA; however it also 
highlighted the possibilities of errors or problems with spreadsheets use. Thus, it diag-
nosed a gap, hence also creates an opportunity for process improvement in knowledge 
capturing and retrieval for PFMEA. Since the spreadsheet program does not deliver the 
desired data handling, storage, and retrieval system, it can not transfer knowledge digi-
tally due to its incompetency with other software. An upgrade in technology is needed 
with features to understand the need for the process; for instance, to achieve the five 
stages of process measurement such as; quality, time, efficiency, utilisation rate and ef-
fectiveness, technology should be capable of transmitting information to its following 
process (Nurminen, 2007; Tuomi, V., 2008).  A technology change has always brought 
new ways to solve problems, increase productivity and efficiency (Grübler, 2003).  
   
2.8 Overview of digitalisation over spreadsheets 
A practice with potential, possible and evident errors, should be replaced by a better 
version. Since the first time, Robert Wachal (1971) talked about society’s digitalisation 
and how employees cannot change their practices (Wachal, 1971). Digitalisation has 
evolved into each segment of life, including industrial and social life; however, a consul-
tancy I-SCOOP in 2016 pen down a to-the-point digitisation definition: 
 
“Digitalisation means the use of digital technologies and of data (digitised and na-
tively digital) in order to create revenue, improve business, replace/transform busi-
ness processes (not simply digitising them) and create an environment for digital 
business, whereby digital information is at the core.” (i-SCOOP, 2021; Schallmo & 
Williams, 2018) 
 
Why digitalisation is needed and how does it helps in achieving process improvement? 
Well, digitalisation is not just a piece of technology and its implementation can bring a 
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better performing process; perhaps digitalisation effective adoption can deliver high-end 
improved manufacturing systems with flexibility and sustainability. However, its con-
sistency can help organisations in cost-saving (Demartini, Evans, & Tonelli, 2019). The big 
question is which method or technology to choose for a specific process that brings con-
tinual process improvement and saves organisations cost. Undoubtedly, high-end artifi-
cial intelligence, automation and robotics-based solutions are available. Why are many 
organisations still struggling to develop effective organisational, an end-to-end learning 
system? The answer is that many of these high-end technologies cost high in the process 
to adopt, execute and maintain. Many organisations, such as small and medium-sized 
enterprise (SME), see quality as a non-constructive process; and its output is not as sig-
nificant as manufacturing processes. Though, it restricts the organisation to invest in 
costly technologies to improve the process.  
 
PFMEA is a complex process requiring a cross-functional team, time, past trouble data, 
and a few more resources; thus, some organisations do not perform such activities and 
copy-paste the past data on to new PFMEA. Hence, it does not achieve its deliverables. 
Many organisations miss a vital point; a lower process rejection saves rework and scrap 
costs. On the other hand, it is to be understood that a required solution should be cost-
effective and achieve process improvement capabilities and overcome the data handling 
challenges in spreadsheets. A need for a new framework to deliver desired results for a 
specific process has been witnessed.  
 
Sustainability can be achieved by consistency in performance, supported by less or no 
variation in process practices. Thus, to attain sustainability, preventive error-proofing is 
required to eliminate process variation. The spreadsheet-based PTDB has variations and 
fluctuates the quality and deliverables of PFMEA. However, an intelligent digital solution 
is needed to fill up the gap of inconsistency caused by traditional spreadsheet-based 
PTDB. The conceptual framework in chapter 5 delivers preventive error-proofing for 
PFMEA design and the actual production process that is the desired PFMEA deliverable. 
Furthermore, with the implementation of this framework, a consistent process function 
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will exist. Process digitalisation has the capability to customise an effective solution for 
the above spreadsheets related issues explained in chapter 2.3, 2.4, 2.5 and 2.6.  
 
2.8.1 Digitalisation a need for transformation 
Staying competitive in the twenty-first century is a great challenge for businesses in both 
the public and private sectors, given the constantly evolving business climate, the effects 
of globalisation, and digitalisation. The use of various information technology techniques 
and practices has become a major influence since the information society or knowledge-
based society came to the fore. Although the complexity of the relationship between 
technology and sustainable development, there is no doubt that knowledge is a critical 
tool for achieving sustainability. United Nations in 2015 General Assembly explained the 
importance of knowledge and digitalisation to achieve sustainability.  The report talks 
about the future implications of digitalisation in different social and commercial seg-
ments with Information and Communication Technology (ICT); Please refer to Figure 6 
(Accenture, 2017; 赵建文, 2015).  
 
“Success is the sum of small efforts, repeated day in and day out.” (Collier, 2009). Simi-
larly, countries like Finland took the initiative by implementing small but good digitalisa-
tion practices towards a sustainable goal. As known to us, Finland brought us the tech-
nology of communication through NOKIA phones. Over 19 years, Finnish inventors ob-
tained more than 651 patents per one million people, outperforming their counterparts 
in South Korea (525), Sweden (524), Japan (405) and the United States (259) in the fourth 
industrial revolution (Teivainen, 2020). Many organisations recognise that digitalisation 
is synonymous with technology. Whereas, Kristiina Söderholm, Head of Nuclear Re-
search and Development at Fortum, understands digitalisation as: 
 
“Adopting the right tools for business development, innovation and cultural evolu-




Figure 6 Overview of Digitalization on Industries  (Accenture, 2017) 
 
As per Microsoft and PWC, Finland recognises and implement the digitalisation strategy 
in almost every organisation, big or small. As per their report in 2017, 19 out of 22 or-
ganisations made digitalisation their top priority. This list includes five public and seven-
teen private organisations, including Finnair and Wärtsilä. Verohallinto, The Finnish Tax 
Administration (FTA) celebrates more than twenty years of digitalisation experience and 
80% of their operations have automation (Horo, 2017). Hence, this explains the compet-
itiveness gained by effective digitalisation in process improvements. A similar under-
standing is required to develop the PFMEA process and its prerequisite PTDB. A signifi-
cant data source should not be operated manually. 
 
2.9 Challenges towards digitalisation 
What is digitalisation? Does digital transformation have ascendancy in data analytics, the 
internet of things, cloud computing and big data banks over traditional or manual oper-
ations? Is artificial intelligence and machine learning are the only competitive solution 
for the fourth industrial revolution? Can industry-wide organisations pick high-end soft-
ware as part of their business improvement plan? Does cost hurdles organisations in 
adapting process improvement technologies? As per the 2020 ERP Software Path report, 
the average budget per user for ERP operations in organisations cost 9000 USD (figure 
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7). In contrast, the cost of programs like Microsoft Excel is significantly less; however, it 
has multiple issues, as discussed in Chapter 2.3, and do not have effectiveness. 
 
Figure 7 Budget Per User ($) by Company Size  (Software Path, 2020) 
 
A small and medium-sized enterprise (SME) cannot afford high-cost third-party software 
programs. The past studies explain the high cost of implementation; maintenance is one 
significant factor in the rejection of ERP type software by SME. However, the empirical 
data from past studies also present the resource planning softwares have many other 
issues, such as alignment with other software programs, alignment with operational pro-
cesses, customised training and hidden charges; this creates constraints between SME 
practices and software solutions. Data handling and planning software are resource-in-
tensive, demands a dedicated workforce, intensive customised training and manage-
ment commitments. The challenges faced by SMEs are shown in figure 8 (Booth et al., 
2000; Laukkanen et al., 2007; Venkatraman & Fahd, 2016) 
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3.1 Research process and research design 
The research process and design are the core of a research project; its primary function 
is to create a systematic approach to data collection through reasonable means, analysis, 
and present results statistically. The study should not be influenced; moreover, the data 
collection and the interpretation of the results should be unbiased. The researcher has 
used a qualitative method approach for this study, the data collection was done through 
secondary and primary research methods. The secondary study has collected scientific 
data from past researches, case studies, and industry events. In addition, the primary 
research involves semi-structured interviews and online surveys of the professional 
through video calls (Zoom), audio calls (Whatsapp) and online forms to deeply compre-
hend the concepts. Qualitative methodology is a broad term that narrates and explains 
respondents behaviour, interaction, experience and social context  (Pathak, Jena, & Kalra, 
2013; Strauss & Corbin, 1990) 
 
This study aims to understand the issues with the traditional spreadsheet-based PTDB 
and whether it needs a replacement with a custom-designed digital solution by conduct-
ing a qualitative case study research strategy. As per the English dictionaries, the term 
“explore” defines investigation, discovery, study, or analysis(Merriam-Webster, 2021b). 
The exploratory study requires a two-dimensional ratio, flexibility in search of data and 
open-mindedness of where to look for data. Hence, the related linked study becomes 
evident in the research process to form a commutative grounded theory (Stebbins, 2001). 
In this study, the researcher has used a deductive research approach to view “spread-
sheets problematic behaviour as a possible cause of issue for PTDB”. However, explora-
tion and inductive reasoning are important in science in part because deductive logic 
alone can never uncover new ideas and observations  (Flew, 1984; Stebbins, 2001). 
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3.2 Qualitative research methods  
A qualitative research study is designed to capture professionals’ voice and document 
their experience, beliefs, and opinions into a tangible source of knowledge. Qualitative 
research is an umbrella of broad concept and has a variety of study designs such as; 
explanatory, exploratory, descriptive, multiple-case study, intrinsic, instrumental and col-
lective (Baxter & Jack, 2008). Hence, the application of the research plan depends on the 
research problem and research questions. Similarly, there are three distinct ways of data 
collection in quantitative studies; interview-based, textual or document analysis and ob-
servational studies  (Pathak et al., 2013). Out of which, interviews-based data collection 
is widely practised (Robinson, 2014).  As the word suggests, Interview-based data collec-
tion is done by asking questions and getting the interviewees’ response, which could 
then be collected by recording (audio or video) or making notes; however, the recording 
practice is significantly high due to its efficiency (Britten, 1995).  
 
Keeping in mind the aspects of the exploratory research, the author has studied past 
linked studies of related topics such as performance of spreadsheets based data-base, 
problems in usage or spreadsheets, data security, vulnerability, data extraction and oth-
ers; the exploration of study lead the author towards industrial incidents caused due to 
poor performance of spreadsheets based data-base. However, during the exploratory 
research, the pursued information was collected from legitimate sources such as; scien-
tific journals and news.   
 
 
3.3 Data collection methods and participants 
The qualitative data collection is done through online semi-structured interviews, online 
surveys and telephonic interviews. Respondents were industry professionals responsible 
for designing and implementing PFMEA concept at the organisational levels. The online 
semi-structured interviews allow the researcher and the interviewee with a range of flex-
ibility and a safe distance in Covid-19 situation, saves time and cost. On the other hand, 
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some respondents did not give their consent for the recorded interview due to company 
policy and confidentiality agreement. We learned few of our respondent were not even 
allowed to take smartphones or any personal electric device on company premises due 
to classified work. However, other possible challenges like internet speed and network 
were taken care of in advance, with a backup source.  
 
As we know from the literature study, PFMEA is used in almost every industry segment 
for risk analysis or as a continual improvement tool, including manufacturing, service, 
consulting, construction, food, oil, hospitals and the list goes on. The data collection 
method was designed to get response globally and from different industries, avoiding 
the biasness in results influenced by one or two industry types. However, not all profes-
sionals replied to the research interview on time. The chosen respondents has extensive 
knowledge of PFMEA methodology and have years of professional experiences. Before 
the interview process, respondents were asked to fill in consent and basic details form, 
including their designation, years of experience and organisations type, to ensure the 
respondents’ credibility. A total of 5 experts were selected out of 8 responded to the 
research interview based on the relevant experience, knowledge of PFMEA and Industry 
type; however, more than 50 professionals were contacted through emails and LinkedIn.  
 
By following an ethical process, permission for interview recording was taken before-
hand. Some respondents did not agree with the recording. In this case, the respondents 
agreed to share no-recorded data with the academic evaluation team and for academic 
purposes only but without disclosing their involvement. The notion behind the selection 
of experienced professionals who had in-depth knowledge in PFMEA is because experi-
enced professionals can provide meaningful input for the research topics such as existing 
challenges, existing technology, issues in the current process, the need for technology 
change and change implementation. However, an inexperienced or an employee with 
less experience do not have such critical knowledge. Each interview lasted nearly an hour; 
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however, the survey form was filled by respondents on their own. Two of the respond-
ents made an audio call to the researcher during form fillup, which allowed the re-
searcher to entertain their queries and explain the related requirements.  
 
All participants are working in different industries practising unique products and pro-
cesses, stands in a range of 7 to 26 years in experience and everyone has a significant 
role in PFMEA generation. Moreover, these individuals have a variety of knowledge and 
are well aware of the end-to-end PFMEA process. As discussed earlier, to serve the re-
search aim, it was decided to capture different industries’ voice to avoid biasness. One 
of Finland’s most prominent organisations, dealing in marine power-diesel engines, be-
came a respondent to this research and shared their best practices on PFMEA generation. 
Thus, having different organisations, industries, variety of experiences, members of var-
ious departments as samples respondents enriched the quality of the study and pro-
vided a comprehensive view on the data handling process of PTDB for PFMEA.  
 
Some giant organisations’ participation played a significant role in this study but are not 
limited to marine power-diesel engines, composite fabrics, space agencies, auto-electri-
cal part manufacturers, and food processing. However, all these organisations have sup-
pliers and clients, with whom they collaborate their work and allied processes to deliver 
results. Their links with SMEs and original equipment manufacturers (OEM) will include 
a grid of industry segment; hence, a future prediction for the process improvement can 
be leaned from their responses. The researcher also believes the diversity and versatile 
knowledge of respondents is beneficial to understand the challenges of traditional 
spreadsheet-based PTDB. Moreover, It will help the researcher design a digital, concep-
tual framework to overcome traditional PTDB challenges. Thus, respondents are a critical 
part of the research. Table 1 contains the details of the participants. 
 
 The exploratory study runs on the same idea avoiding the presence of biasness by fo-
cusing on different case studies from earlier researches. However, no specific studies 
were done on the past trouble data-base (PTDB) or the data handling process for PFMEA. 
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Thus, the investigation started with a search of keywords like challenges in spreadsheets, 
errors in spreadsheets, industrial events due to improper data handling process and 
more. These key terms were searched on scientific data portals, such as google scholar, 
science direct, google books, springer, researchgate, elsevier, IEEE, medspace and news 
sites. The exploratory study is performed with a wide-angle multiple-case study strategy 
that can pick the most relevant research data. The search with keywords, came up with 
a wide range of results from a variety of industries, presenting a diverse list of problems 
in spreadsheet-based data-bases. During the data collection, the most relevant cases 
were picked to highlight the data handling process gaps. 
 
3.4 Data analysis technique 
Once it is decided, the research question is best answered with the case study strategy, 
under which a multiple-case study and exploratory design will be applied. The results 
will be presented using content analysis for a multiple-exploratory-case study design. As 
discussed earlier, an exploratory approach is used in cases where no past studies were 
evident; however, linked studies can build a concrete argumentation (Stebbins, 2001; Yin, 
2003). Furthermore, the strategy includes multiple industries from different countries, 
dealing in various products and processes to avoid a single industry or country’s influ-
ence. Hence, it requires a multiple-case study design  (Baxter & Jack, 2008; Eisenhardt, 
1989; Yin, 1984) 
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Table 1 Participant Details. 
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3.5 Reliability and validity 
Achieving reliability and validity is always important in both qualitative and quantitative 
research. However, a criterion for reliability in the context of qualitative research differs 
as compared to quantitative studies (Stenbacka, 2001). The practice of reliability and 
validity is suggested in qualitative strategies (Golafshani, 2003). Accordingly, Healy & 
Perry, (2000) suggest reliability relates to the quality of the study, and quality is ensured 
by the relevancy of research terms to the research paradigm. The current study relies on 
literature review and primary research through qualitative interviews. To ensure reliabi-
lity and validity of the current study, an extensive literature review was conducted to 
review major concepts related to FMEA and PFMEA published in peer review journals. 
The research objectives, research questions, and data collection methods were aligned 
to concisely acknowledge a wide-angle view of relevant data collected from; past re-
search, industry incidents, global news, interviews, and surveys. To enhance congurence 
between the research question and component of the study, the research instrument 
was designed based on the literature review results. The research instrument is ensured 
based on central concepts derived through literature review. Moreover, to further en-
sure internal and external validity of the construct, the research instrument was re-
viewed by industry experts to increase the relevancy of the instrument in relation to 
FMEA and PFMEA. Based on the suggestion, minor changes were made to the initial 
research questionnaire to achieve clarity and common understanding of the question-
naire items.   
 
Respondents of the study were selected through convenient sample due to time and 
resource limitations. A total of 50 respondents were invited for semi-structured inter-
views and eight experts agreed to participate. It was ensured all participants have at 
least five years of relevant experience in PFMEA and FMEA and working in a technical 
position. Moreover, participants belong to different industries to eliminate the possibil-
ity of a single point of view from a single type of industry. The sample population repre-
sents the application of PFMEA in the following industries in table 1. Furthermore, it also 
contains the voice of their linked stakeholders, such as clients and suppliers.  
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The collected data were analysed to evaluate the issues in the traditional process of 
PFMEA and its data handling process based on PTDB. Unanimous answers witnessed in 
interviews, such as;  all the respondents use Microsoft Excel as their PTDB, spreadsheets 
are inefficient in data transferring, need for an improved framework and will welcome a 
custom-designed tool for PTDB and PFMEA. The responses were critical for the research 
and created a link between the reviewed literature study and collected data, building a 
strong sense of reliability and validity.  
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4 Results 
There were two key questions in this research. First, what are the problems and errors 
related to traditional spreadsheet-based PTDB? Second, what are the advantages of a 
digital framework over the traditional PTDB? To answer it, a two-step method was 
adapted. The first step includes studying past researches focusing on the errors in 
spreadsheets such as calculation errors, data security, data vulnerability, wrong interpre-
tation of data, challenges in PFMEA generation and other issues. The second step is 
through surveys and semi-structured interviews with industry professionals. However, 
to display the results effectively, the data is presented in tables and charts. The data 
presentation techniques were learned from past scientific research papers (Eisenhardt, 
1989; Tuomi, Ville, 2012) 
 
4.1 Chronicle assessment 
A multiple-exploratory case study strategy is performed for data collection from past 
studies and global events, is illustrated in table 2. As discussed, this research has two 
primary objectives; thus, these are numbered in the result evaluation format for better 
understanding.  
 
1.  To evaluate the problems and errors related to traditional spreadsheet-based PTDB 
2. To evaluate the advantages of a digital framework over the traditional PTDB 
 
When we look at table 2, several issues related to spreadsheets usage is presented along-
side their impacts. The data is collected through past research and industry news. It high-
lights the major incidents and problems held in the past few years due to spreadsheet 
errors (excel). Perhaps it put forward examples like Allfirst Bank, which had a total loss 
of US$691 million because of intentional data tampering. Similarly, TransAlta lost US$24 
million this time due to an unintentional error, but again, exposed data was the cause of 
the problem.  
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Table 2 Secondary Research Data. 
 
The spreadsheets errors are not limited to financial losses or clerical issues. The evalua-
tion of past studies concluded that the spreadsheet changed the medical code languages 
from gene names to dates and numbers by an error of 19.6%. The horror stories contain 
the increasing rate of these errors. Figure 9–a, shows the percentage of published papers 
with gene name errors in excel files, and 9–b, displays the increase of gene name error 
by years (Ziemann et al., 2016). Researcher R.R. Panko has been an expert in evaluating 
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spreadsheets performances in the last few years, and his study demonstrates multiple 
types of errors in spreadsheets, excel in general  (Panko, Raymond R. & Halverson, 1996) 
As the research support, financial losses are not the only type of losses. It has caused 
organisations embarrassment; for example, Lazard Ltd, a bank listed in the world’s top 
ten rankings, faces mortification in its deal with SolarCity Corporation, a Tesla Motors 
company and felt in the world ranking by two stages.  
 
Figure 9 Errors in Gene Names  (Ziemann et al., 2016) 
 
Persistent concerns were encountered in spreadsheets. Incidents include; calculation er-
rors, data beach, errors in spreadsheets formulas, data formatting and capability issues. 
Thus, the application is not efficient in handling high-value data. The data used in PTDB 
contains multiple variables and has significant value for a new product or process stage, 
which later design controls in the process. A piece of wrong or missing information can 
impact hazardous situation leading to substantial financial, reputational or human life 
losses. Perhaps, a better data handling framework is required for PFMEA. 
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4.2 Industry voice and facts 
Qualitative semi-structured interviews and surveys were conducted to capture indus-
tries voice and requirements. Table 3, is a matrix presentation of interviewees responses.  
The data is gathered from five different organisations globally in different industrial prod-
uct segments such as; Marine Power, Diesel Engines, Auto- Electrical Parts Manufactur-
ing, Space Agency, Composite Textile and Food Processing. The sample population was 
chosen based on their diverse product, process, use of FMEA and experienced profes-
sionals. However, more than fifty organisations were approached for the research pro-
cess and out of which eight responded. Three organisations were not included in the 
research process due to their unimpressive knowledge and compliance with PFMEA.  
 
The organisations are named A to E in Table 3, similar to table 1. The X marks in Table 3 
represents the respondent's answer in the survey form or during the semi-structured 
interviews. The questionnaire was designed with multiple choice and open-end ques-
tions; however, no choices were given to respondents and answers were recorded as an 
elaborated one during the interviews and on-call discussions. The research questions 
were designed to cover the objectives, stated as number 1 and 2 for research objective 
one and two.  
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PFMEA design-challenges, were where most of the organisation has trouble. To design a 
new PFMEA an organisation has to involve resources such as; a professional team, time 
and technology. Thus, the unavailability of these resources can sometimes create a prob-
lematic situation. Figure 10 presents the graphical view of the organisation's challenges 
during PFMEA generation, the y-axis represents the numbers of respondents and the x-
axis is the types of challenges. The bar chat reports, time consumption, insufficient data, 
and data loss during data transfer are crucial issues during PFMEA generation.  
 
Figure 10 All major challenges that occur during the design of PFMEA 
 
As per an earlier literature review, 90% of the organisations use Microsoft Excel as their 
main spreadsheet program (Bradley & McDaid, 2009). The result in this study is quite 
the same. However, two of the organisations has other programs for PTDB. In which the 
space agency has a self-designed a digital platform for defect data handling. Whereas, 
the marine power, diesel engines organisation has switched from excel to ERP and 
Power-BI, an ERP section program, four years from now. This was a significant input for 
this research as it explains the industrial need and demand for a better program. During 
the recorded interview, the respondents expressed unfaithful and inefficient perfor-
mance of excel software. Quoting the respondents answer, for instance, “It is tricky and 
not so easy to find the right data when using excel due to manual search tasks.” 
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Issues and errors in spreadsheets are the primary cause of the problem, picked by re-
spondents during the interview. Four out of five respondents agreed, spreadsheets are 
susceptible to trivial human errors, and from the literature study, we are aware of the 
financial losses Allfirst Bank and TransAlta had due to the same reason. When asked 
about the data transfer process from PTDB to PFMEA. According to the answer of three 
respondent’s (quote-unquote), “the excel program is not compatible with other software 
programs, so it is not easy to transfer data from Microsoft Excel to other software.” Fur-
thermore, five out of five respondents answered that the current practice is inefficient 
and does not deliver quality results. In the case of Marine power, diesel engine, the ques-
tion was asked about the past practices when the organisation was using excel as PTDB.  
 
All participants responded yes to modification in the data handling process for PFMEA. 
Similarly, all of them were in favour of a new, better digital solution rather than spread-
sheet use; please refer to Table 3. When asked, how do they see the use of the new 
framework for their suppliers, three out of five responded (quote-unquote), “the suppli-
ers do not use high-cost software like ERP.” The same we have learned in the literature 
review in chapter 2.9. The answer was a quality input for the research. 
 
A digital framework is capable of creating problem-solving techniques. The study results 
revealed that, a better digital framework could improve the data handling process for 
PFMEA, can save time in the process and deliver quality PFMEA. Through the primary 
and secondary research design, the researcher has learned about the complications re-
lated to spreadsheets, security issues, manual data sorting, problems in collaboration 
with other software, unavailability of low-cost digital solution and data transferring prob-
lems from PTDB to PFMEA. This a valuable information; keeping all as an input, the re-
searcher has designed a conceptual framework, a data-handling process for PFMEA in 
chapter 5.  
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5 Conceptual framework; a digital solution 
“When digital transformation is done right, it’s like a caterpillar turning into a butterfly, 
but when done wrong, all you have is a really fast caterpillar” (Vaz, 2021). According to 
Chapter 2, spreadsheets were valuable, but they cannot deliver the desired output as 
per the fourth industrial revolution’s process requirements. Digitalisation can resource 
innovative capabilities into a process to increase its efficiency and cost-saving capabili-
ties. A conceptual framework is constructed to overcome the issues discovered in the 
literature review and the conducted Interviews. The framework’s primary aim is to store 
big-data variables, sort and provide output as per the required input variable to minimise 
the human data handling process; furthermore, the framework is expected to deliver in 
specific competitive dimensions stated below: 
 
a) Productivity: improved process performance by avoiding defect repetitions; 
b) Sustainability: continual improvement by strengthening the PFMEA process; 
c) Cost-saving: low rework and rejection cost, with fewer defects generated; 
d) Flexibility: data extraction becomes more resilient. 
 
5.1 Step one; similar past project data lookup 
Digitalisation enables a process to improve performance with less or no human inter-
vention. However, a centralised system-level implementation of digital information and 
communication technology estimates an increase in productivity by 32%, a study con-
ducted on Greman metal and electrical industries (Jeske, Weber, Würfels, Lennings, & 
Stowasser, 2018) The suggested framework strengthens the data handling system spe-
cifically for PFTBD and its input for PFMEA. The framework will allow the user to extract 
specific past trouble defect data from each process with all of its variables; furthermore, 
it will provide error-proof relevant data for each project type based on the family of 
product or process (refer to figure11). The author designed the framework figures in this 





Figure 11 Project and Process Lookup 
 
The vertical length in figure 11 represents the manufacturing processes, whereas; the 
horizontal section describes the number of projects. Each project lies under the project’s 
family, such as A1 till A4 falls in the projects’ family A. For better understanding, all Sam-
sung Galaxy phones are from the family of Galaxy phones. The family of product could 
be categorised as per the features, name, characteristics or technology used. For exam-
ple, Galaxy phones can also have a subfamily of foldable phones or phones with a Fast-
charging feature. The same family of products has some similar design and manufactur-
ing processes. This categorisation helps design teams to learn and implement within 
cross-functional projects. 
 
In the first step, when a new project comes and due to its characteristics, it will fall into 
the F group of family. The new project shall be named as F6. Things to learn can be seen 
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in figure 11. F group of products had trouble in two manufacturing processes; phosphat-
ing in painting and part extraction in assembly; followed by the defects were encoun-
tered at the quality check station, and issues were also reported at this project’s storage 
section. The framework allows the user to clearly see and understand the past project’s 
performance from a similar family. This step broadcasts the PTDB of a family of the pro-
jects rather than manual sorting of multiple spreadsheets. It also eliminates the possi-
bility of loss or miss data due to a spreadsheet or human error.  
 
5.2 Step two; Export PTDB to PFMEA 
“Digitalisation has (positively as well as negatively) incalculable potential to help achieve 
sustainability” (Seele & Lock, 2017) Step two allows the user to magnify the specific ar-
eas of the problem in PTDB. A simple click on the F5-phosphating process will reveal the 
details of the defect. The step displays a list of data such as; defect description, process 
name, cause of failure, preventive control failure, detection control failure, recom-
mended actions, defect quality, product part number, previous risk priority number (RPN) 
ratting, action completion date and revised risk priority number (RPN), (see figure 12 
and 13). To obtain comparable data for the assembly process defect, the design team 
has a provision to acquire part data extraction from the software. However, in organisa-
tions, each project and process has multiple defects. Thus, a manual spreadsheets search 
in such big data is inefficient. With a new framework, the author is trying to simplify the 
input process of PTDB into PFMEA.  
 
This data is highly significant for a new process design, also known as PFMEA. PFMEA 
uses the above data to implement new or same process controls to restricts defect oc-
currence or defect outflow possibilities. At the end of this stage, the design team has 
specific details of past defects from similar projects and their exiting process controls’ 
performance. The decisions of new process controls rely on the interpretation of past 
defects, making it is necessary to communicate a quality input to a new PFMEA. At the 
end of step one and two, the framework allows the team to export the data to a new 
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PFMEA project, for example, PFMEA templet F6. It can be performed by selecting a pro-
cess (row) or project (column) and click the ‘export’ tab to export the detailed data into 
a new PFMEA template. The PFMEA design team can move the past defect details of a 
family of projects from F1 to F5 or just a single project F2. Similarly, specific process data 
can also be transferred to the PFMEA template. 
 
 
Figure 12 Magnify Defect Details 
 
 
Figure 13 Defect Detail 
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5.3 Step three; PFMEA design process 
A digital data transfer system is efficient, secure, and has a higher transmission rate. It 
also restricts the possibilities of loss of data compared to manual transfer. In step three, 
the PFMEA design team can transfer the past defect data into the F6 PFMEA template. 
The framework has an incorporated PFMEA template, which strengthens the software 
and avoids the use of other software programs. Three steps of the framework can over-
come the spreadsheet PTDB related issues and its manual transmission to PFMEA. 
 
5.4 Characteristics of conceptual framework 
Due to a rich industry experience, the author has witnessed the data handling system of 
a PFMEA design and understands the requirement of data flexibility for organisational 
learning and PFMEA design. The framework’s characteristics fulfil the functionality, effi-
ciency, reliability, usability, maintainability, and portability components to deliver de-
sired results (International Organisation for Standarization, 2003). The framework has a 
cross-network design within each variable that allows the user to extract relevant data; 
refer to figure 14. 
 
The cross-network design will create a linkage between variables; this networking type 
will let the organisation see data in different orientations. For example, by executing a 
command, the design engineer can see, the five years of defect that were missing with 
preventive controls in all the projects. Organisational learning will get stronger with such 
kind of information system, not just for PFMEA but also for training and audits purposes. 
Hence, Improved methods through self-learning and assessment techniques will help 
organisations save rejection and rework cost.  
 
The conceptual framework is designed, keeping in mind the SME’s perspective. Thus, the 
entire process of defect data collection will be the same. The only change will be imple-
mented at the data entry level. Avoiding data entry in excel and to a new framework, 
and when needed, the data can be extracted to training or exported directly to the 
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PFMEA template. In this way, the SME’s operations will not be disturbed much, as com-
pared to ERP implementation. 
 
 










This chapter comprises the conclusion and results summary. The study aimed to answer 
the primary research question: “What are the advantages of using software-based PTBD 
over traditional spreadsheet-based PTDB for PFMEA?”. The outline of the research was 
divided into two significant objectives.  
 
• To evaluate the problems and errors related to traditional spreadsheet-based PTDB 
• To evaluate the advantages of a digital framework over the traditional PTDB 
 
A systematic research process design was followed to address the research question and 
its objectives. The basic point of view was to identify the issues in the traditional process 
of PTDB practised in spreadsheets and the advantages of a digital framework over it, 
through planned semi-structured interviews with industry experts and evidence of past 
studies. An effort was also made by designing a conceptual framework specifically for 
PTDB and PFMEA.  
 
The research investigated the advantages of a digital framework over the spreadsheet-
based data handling system. It was done by finding the performance factors of spread-
sheets in organisations through semi-structured interviews and literature review. Con-
versations and discussions made with industry professionals, including past studies and 
industry events, revealed meaningful information such as; errors in spreadsheets (calcu-
lation and format), incompetency in big-data handling, data security and incompetence 
in data transferring. However, research has also communicated the advantages of a dig-
ital solution with improved performance, time-saving, and desired results. The results 
has high significance because of respondents input and expression towards the need for 
a better solution for PTDB. Whereas one of the respondent organisations has developed 
PTDB data handling from spreadsheets to ERP, a need for improvement was still sensed 
when a different program is used for PFMEA generation.  
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The responses highlighted more factors that were initially not under investigation. How-
ever, during the diagnostic process, issue revealed such as; high-cost factor of the current 
digital solution, makes it difficult for SME organisations to adapt and implement such 
solutions. While conducting a review of past studies, a critical and significant amount of 
errors were witnessed in data handling spreadsheets programs, supported by industry 




The study was an idea to develop the existing data handling process of PTDB for PFMEA. 
Hence, a literature review designed and performed aligned to the research question and 
objectives. Furthermore, a research plan was designed to capture industry voice through 
interviews and surveys. The data from both sources supported the argument of spread-
sheets limitation and imperfections in data handling and security. The research plan in-
cluded respondents from different industries to maintain the generalizability and broad-
angle view. An aligned process was maintained throughout the research between re-
search question, research objectives, methodology, data collection, and data analysis.  
 
The study has opened two new areas of research possibilities: first is developing the 
conceptual framework considering the features and characteristics of the design from 
chapter 5 into functional software. The research should partner with an organisation 
dealing in day-to-day defect generation and its data handling process for an effective 
process trail run. Incorporating with an organisation will allow the researcher to work on 
the actual PTDB process and use the software for PFMEA generation. However, during 
the development stage of the framework, the cost factor must be considered to be im-
plemented by SME. The author suggests it to be on an open source for better adaptation. 
Secondly, research can also be implemented on DFMEA and SFMEA, where the process 
is almost the same. 
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